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To: Commanding Officer
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Reference: Contract DA-O4-495-ORD-3069, Modification No. ,

This is the thirty-first in a series of informal progress reports submitted

in partial fulfillment of the contract. It constitutes the seventh monthly

report on the second one-year continuation of the original two-year program.

It was written by R. B. Setterlund who was supervised by A. Rubin.

I. OBJECTIYMS

A. To study the stress-corrosion characteristics of 18% nickel

maraging steel with respect to compositional variation.

B. To study the effect of environmental temperature on the rate of stress-
corrosion cracking in three alloys: 18% nickel nraraging steel, a low-alloy

martensitic steel, and a hot-worked die steel.

C. To study the electropotential changes occurring in 18%-nickel

maraging steel during stress-corrosion exposure, and the effect of applied

potential.

I1. WOF& PROGRESS

A. COMPOSITIONAL VARIATION

In order to study the effects of compositional variation, four heats

of 18% nickel maraging steel were obtained from three'vendors. It was felt
that these four heats, in conjunction with the heats previously tested, represent
the conpositional range of material under present commercial production.
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Particular attention is centered around the 250 ksi yield strength lev-, where

the 18% nickel maraging steel appears to have the greatest utility. The

chemical analysis of these materials are shown in Tiable i, group b, and the

mechanical properties in Table 2, group b.

These four heats along with conventional alloys. groul c, Tables 1

and 2, are being tested in the three environments that caused the most rapid

failures in the previous years' work. These arc: (1) aerated distilled water,

(2) aerated 5% NaCl solution, and (3) 140°F water-saturated air. Three replicate

tests are being conducted for each test condition, usiing beam specimen stressed

elastically to 75% of the yield strength, as well as plastically deformed U-bend

specimens. These tests are nearly complete as shown in Table 3. Basically

our tests have shown:

1. Stress corrosion susceptibility of maraging steel increases with

strength levelj hweverytievenr the lowest strength a-loy--teeted ,43.8--ks± yield)

failed when te d in a U-bend configuration in ambientwater enviro~ants-

2. Complete immunity to failure can be obtained with the conventional

martensitic steels by employing a sufficiently high tempering temperature.

3. The addition of 3% NaCl to distilled water lessens the suscep-

tibility of the test alloys to stress corrosion failure. is trend w m

B. ENVIRONMENTAL TEMPERATURE

In order to assess the eff s of environmental temperature, bent

beam and U-bend specimens were teste n distilled water environment- controlled

to 120 aid 160 F) All specimens [led except for(ae-

low alloy steel tempered at 1100 F. Environmental temperature was found to have

a great effect on the failure time of maraging bLeel with the susceptibility

doubling for every 18OF increase in temperature. lth

Table 3 shows the overall status of tasks A and B. Individual failure

times were shown in the previous Quarterly Reporu and final results will be

detailed in the next report, which will constitute the final summary report.
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C. ELECTROPOTENTIAL CHANGES

Two individual experiments are being conducted to 6tudy the electro-

potential changes and the effect of applied potential in 18% nickel maraging steel

in order to understand the mechanism involved in stress corrosion cracking.

1. Utilizing a center cracked specimen, the effect of applied

stress on crack tip corrosion potential was determined. The potential of 18% nickel

steel was found to become 0.0175 my less noble for every 1000 psi net stress.

2. Usiiizing 2u% nickel maraging steel bent in a U-bend configuration,

the effect of applied constant potential on stress corrosion in a 5% NaCl solution

was determined. The results are shown tabulated below:

Initial
Volts to Current Density Failure Time

Saturated Calomel Cell (MA/in. 2 ) (hr)

-0.95 -3.6 2.1

-0. -2.0 no failure (168 hr)

-0.39 -0.5 1.2

-36-0.4 2.1

none 1.9 and 2.8

-0.15 +4.o 2.1

T .... th•tjy application of the proper amount of

cathodic current, stress corrosion cracking of maraging steel may be stopped.

However, if the current is increased over this critical amount, no protection is

furnished. "se ti •t 'ntlnulng.

AEROJET- GENERAL CORPORATION

Dr. S. Brelant, Managei
Materials Engineering Department

Structural Materials Division

4

• mm • lm mumnmlml m m mln mum • m



Report No. L0414-0r2-/

0 0 0 0 00

04 0 00

0 0 0 .4 . 0 0 0 0 0

Vss

0 0 0C C; ;

0" 0' S0 c' 60 6c c' a 0 S

00006 6000 66

.4* *V * * * .

Q Table0I



Report No~. 1,04 14-02-'(

0 A. N N~ X) a, 40 0.

"I\

u~0 O t' 00 00 " Y 01 (' WiW

~~V1 0 0 (vI WN' 4% t- I'- . N w . 1 .D

0 0 0 0 0! 00 (

4,W

14

WUs 000 00INtU' C 0 WM 4%DU

* In49I

-0 t0 C4 '-4

'-k4

44

0 W\

4'wN U W% 01 -f U' W% -N (Y N Y N N

44~ mmmm

4tbl 
2i



Reor! No.~ Loh)- . -

40 a

'-Id

4,34

.' -( 4~Table


